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REMARKS 

Claims 1 - 10, 43 - 45 and 49 are pending in the application. Claims 4-42 and 
46 - 48 have been cancelled. Claims 1 and 49 have been amended. No new claims have 
been added. 

Any cancellation of the claims should in no way be construed as acquiescence to 
any of the Examiner's rejections and was done solely to expedite the prosecution of the 
application. Applicant reserves the right to pursue the claims as originally filed in this or 
a separate application(s). 

Claim Rejections Withdrawn 

The Examiner has withdrawn the rejection of claims 1-3,8 and 43 - 45 under 35 
USC 102(b) as being anticipated by US Patent 5,608,060. 

The Examiner has withdrawn the rejection of claims 1 - 3, 8 - 1 0, 43 - 45 and 49 
under 35 USC 1 02(e) as being anticipated by US Patent 7,265,085. 

The Examiner has withdrawn the rejection of claims 1 - 3, 8 - 10, 43 - 45 and 49 
under 35 USC 102(e) as being anticipated by US Patent 7,265,085. 

The Examiner has withdrawn the rejection of claims 1 and 8 - 12 under 35 USC 
103 (a) over US Patent 7,265,085. 

35 U.S.C. §112, first paragraph 
Enablement 

Claims 1 - 3, 8 - 10 and 43 - 45 were rejected under 35 U.S.C. §112, first paragraph. The 
Examiner argues that "the specification, while being enabling only for a method of making a 
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targeted glycoconjugate comprising a specific bioactive agent and a specific targeting compound 
wherein the bioactive agent and the targeting compound are joined by a modified UDP-galactose- 
Acetyl group (UDP-GalNAc) having a ketone functional group appended at the C-2 position of the 
galactose ring using the mutant Y289L galactose transferase for detection assays, does not 
reasonably provide enablement for any targeted glycoconjugate comprising any bioactive agent and 
any targeting compound wherein the bioactive agent and the targeting compound are joined by any 
modified saccharide compound for use in any medical therapy, any pharmaceutical composition 
comprising any targeted glycoconjugate comprising any bioactive agent and any targeting compound 
wherein the bioactive agent and then targeting compound are joined by any modified saccharide 
compound," (Office Action, p.3). Applicants respectfully disagree. 

The instant claims are directed to a targeted glycoconjugate comprising a bioactive agent and 
a targeting compound, wherein the bioactive agent and targeting compound are joined by a modified 
UDP galactose acetyl group (UDP-GalNAc), and wherein the modified UDP-GaJNAc comprises a 
ketone group attached to the C2 position of the galactose ring. 

The Examiner argues that "(enablement i s not commensurate in scope with how to make any 
targeted glycoconjugate comprising any bioactive agent and any targeting compound, any targeting 
compound is any glycoprotein wherein the bioactive agent and the targeting compound are joined by 
any modified saccharide compound wherein said modified saccharide compound comprises 
galactose and any reactive functional group, any functional group such as ketone group attached to 
the C2 position of the galactose ring for any and all medical therapy or diagnosis." (Office Action, 
p.4). 

The claims have been amended to recite that the bioactive agent and targeting compound 
are joined by a modified UDP galactose acetyl group (UDP-GalNAc), where the modified UDP- 
GalNAc comprises a ketone group attached to the C2 position of the galactose ring. 

Accordingly, the specification enables any person skilled in the art to make and use the invention 
commensurate in scope of the present claims. 
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The Examiner argues that the claims encompass innumerous targeted glycoconjugate 
comprising any bioactive agent and any targeting compound wherein the bioactive agent and the 
targeting compound are joined by any modified saccharide compound. (Office Action, p.4). 

Applicants point out that the specification teaches saccharide compounds of the present 
invention, and in particular galactose, are particularly modified at the C2 position. The specification 
teaches that the C2 position is favorable over other positions on the galactose ring because GalT has 
been shown to tolerate unnatural substrates containing minor substitutions at the C2 positions. 
Applicants teach that appending the ketone functionality at the C-2 position of the galactose ring. At 
page 48 of the specification, Applicants describe a strategy for the rapid and sensitive detection of 
O-GlcNAc glycosylated proteins, where experiments show that "the ketone functionality was 
appended at the C-2 position of the galactose ring because GalT has been shown to tolerate unnatural 
substrates containing minor substitutions at the C-2 positions, including 2-deoxy, 2-amino, and 2-N- 
acetyl substituents (Ian et al, 2001 ; Wong et al., 1 995) (and). . . 2-deoxy-GaI was transferred at rates 
comparable to Gal, whereas 3-, 4, and 6-deoxy-Gal were transferred at reduced rates.'' (page 48). 

Accordingly, the claims recite that the modified UDP-GalNAc comprises a ketone group 
attached to the C2 position of the galactose ring. Further, the specification teaches modification of 
the saccharide to include a functional group, such as a ketone group, aids in the attachment of the 
bioactive agent, and provides examples of such attachments. For example, on page 1 0, the 
specification teaches that ''the modified saccharide (S) may include a ketone moiety which can be 
reacted with an amino group of a bioactive agent of interest so as to form a covalent bond between 
the two." 

The specification teaches at page 1 1 beginning at line 5, various methods that can be used to 
bind the bioactive agent to the modified saccharide: 

The methods used to bind the bioactive agent (B) to the modified 
saccharide (S) depend on the structure of the bioactive agent. The 
bioactive compounds may preferably include a functional group 
which may be useful, for example, in forming covalent bonds with 
the saccharide residue, which are not generally critical for the 
activity of the bioactive agent. Examples of such functional groups 
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include, for example, amino (~NH.sub,2), hydroxy (--OH), 
carboxyl (-COOH), thiol (--SH), phosphate, phosphinate, ketone 
group, sulfate and sulfinate groups. If the bioactive compounds do 
not contain a useftil group, one can be added to the bioactive 
compound by, for example, chemical synthetic means. Where 
necessary and/or desired, certain moieties on the components may 
be protected using blocking groups, as is known in the art, see, 
e.g., Green & Wuts, Protective Groups in Organic Synthesis (John 
Wiley & Sons) (1991). 

Exemplary covalent bonds by which the bioactive compounds may 
be associated with the saccharide residue (S) include, for example, 
amide (-CONH-); thioamide (-CSNH-); ether (ROR 1 , where R 
and R' may be the same or different and are other than hydrogen); 
ester (--COO--); thibester (-COS-); -0~; -S-; -S.sub.n-, 
where n is greater than 1 , preferably about 2 to about 8; 
carbamates; -NH-; --NR--, where R is alkyl, for example, alkyl of 
from about 1 to about 4 carbons; urethane; and substituted imidate; 
and combinations of two or more of these. 

Covalent bonds between a bioactive agent (B) and a modified 
saccharide residue (S) may be achieved through the use of 
molecules that may act, for example, as spacers to increase the 
conformational and topographical flexibility of the compound. 
Examples of such spacers include, for example, succinic acid, 1,6- 
hexanedioic acid, 1,8-octanedioic acid, and the like, as well as 
modified amino acids, such as, for example, 6-aminohexanoic acid, 
4-aminobutanoic acid, and the like. 

The Examiner argues that "(Ohe specification provided little or no guidance as to the binding 
specificity of the targeting compound beyond the mere mention of a laundry list of targeting 
molecules, bioactive agents joined by a list of modified saccharide compounds." (Office Action, 
p.4). The Examiner argues that "there is no guidance as to the binding specificity of the targeting 
compound for the claimed glycoconjugated (and) given the numerous unspecified glycoconjugates, 
there is a lack of in vivo working example of such glycoconjugate could treat any disease such as 
AIDS.*' (Office Action, p.4). 

According to the MPEP at 2164.02, "compliance with the enablement requirement of 35 
US.C. 1 12, first paragraph, does not turn on whether an example is disclosed." Moreover, 
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Applicant does not need to demonstrate therapeutic effects for particular diseases to enable the 
invention as claimed. 

The invention as claimed is a targeted glycoconjugate comprising a bioactive agent and a 
targeting compound, wherein the bioactive agent and targeting compound are joined by a modified 
UDP galactose acetyl group (UDP-GalN Ac), and wherein the modified UDP-GaIN Ac comprises a 
ketone group attached to the C2 position of the galactose ring. 

The present invention features glycoconjugates in which a bioactive agent is bound through a 
modified saccharide residue, e.g., UDP-GalNAc, to a compound which has an affinity for a target 
cell. 

In the Examples, Applicants describe the rapid and sensitive detection of O-GlcNAc 
glycoslated proteins. As described by Applicants at page 48 of the specification, "the approach 
capitalizes on the substrate tolerance of GalT, which allows for chemoselective installation of an 
unnatural ketone functionality to O-GlcNAc modified proteins. The ketone moiety has been well- 
characterized in cellular systems as a neutral, yet versatile, chemical handle (Cornish et a!., 1996; 
Mahal et al., 1997; Datta et ah, 2002). Here, it serves as a unique marker to "tag" O-GlcNAc 
glycosylated proteins with biotin. Once biotinylated, the glycoconjugates can be readily detected by 
chemiluminescence using streptavidin conjugated to horseradish peroxidase (HRP) " (line 14-21). 

Applicants demonstrate in the Examples the ability of GalT to label the peptide TAPTS(0- 
GlcNAc)TIAPG, which encompasses an O-GlcNAc modification site within the protein CREB. 
Applicants use wild-type GalT and show that only partial transfer of the keto-sugar was observed by 
LC-MS, however when the Y289L mutant was used there was greater activity and complete 
conversion, (see page 40, line 14 - 22). Further, Applicants show that the same strategy can be used 
for the labeling of the O-GlcNAc glycosylated protein CREB (see, e.g. page 45, line 8 - 23). 

As described in the specification at page 10, line 15, 'the targeting compound (T). . .is 
covalently bonded to a saccharide residue (S) with the use of a galactosyltranserfase enzyme, 
preferably beta-l,4-galactosyltran$ferase (GalT). In one embodiment of the invention, a modified 
saccharide (S) is covalently associated with the targeting compound with the use of a genetically 
engineered GalT, such as Y289L GalT (as discussed above). The targeting compound can be any 
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naturally occurring glycoprotein, glycolipid or carbohydrate or can be engineered, through 
chemical or recombinant techniques. For example, if the targeting compound does not include a 
GlcNAc residue, the compound can be engineered, either through recombinant or chemical 
techniques known in the art, so as to include such a residue. Preferably, the targeting compound 
includes an N-acetylglucosamine (GlcNAc) residue/ 7 

The specification teaches a wide variety of bioactive agents that may be used, and that are 
known in the art as useful in therapeutic or diagnostic methods or in medical therapies. For example 
beginning at page 12, line 8, the specification teaches: 

A wide variety of bioactive agents (B) may be included in the 
compounds of the present invention, such as any biologically 
active, therapeutic or diagnostic compound/composition. In 
general, the term bioactive agent includes, but is not limited to: 
polypeptides, including proteins and peptides (e.g., insulin); 
releasing factors and releasing factor inhibitors, including 
Luteinizing Hormone Releasing Hormone (LHRH) and 
gonadotropin releasing hormone (GnRH) inhibitors; carbohydrates 
(e.g., heparin); nucleic acids; vaccines; and pharmacologically 
active agents such as anti-infectives such a$ antibiotics and 
antiviral agents; anti-fungal agents; analgesics and analgesic 
combinations; anesthetics; anorexics; ant i -helminthics; anti- 
arthritic agents; respiratory drugs, including anti-asthmatic agents 
and drugs for preventing reactive airway disease; anticonvulsants; 
antidepressants; anti-diabetic agents; anti-diarrheals; 
anticonvulsants; antihistamines; anti-inflammatory agents; toxins, 
anti-migraine preparations; anti-nauseants; anticancer agents, 
including antineoplastic drugs; anti-parkinsonism drugs; anti- 
pruritics; anti-psychotics; antipyretics; antispasmodics; 
anticholinergics; sympathomimetics; xanthine derivatives; 
cardiovascular preparations including potassium and calcium 
channel blockers, beta-blockers, alpha-blockers, cardioprotective 
agents; anti-arrhythmics; anti-hyperlipidemic agents; anti- 
hypertensives; diuretics; anti-diuretics; receptor agonists, 
antagonists, and/or mixed function agonist/antagonists; 
vasodilators including general coronary, peripheral and cerebral; 
central nervous system stimulants; vasoconstrictors; cough and 
cold preparations, including decongestants; enzyme inhibitors; 
hormones such as estradiol, testosterone, progesterone and other 
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steroids and derivatives and analogs, including corticosteroids; 
hypnotics; hormonolytics; immunosuppressive agents; muscle 
relaxants; parasympatholytics; central nervous system stimulants; 
diuretics; hypnoticsleukotriene inhibitors; mitotic inhibitors; 
muscle relaxants; genetic material, including nucleic acid, RNA, 
DNA, recombinant RNA, recombinant DNA, antisense RNA, 
anti sense DNA, hammerhead RNA, a ribozyme, a hammerhead 
ribozyme, an antigene nucleic acid, a ribo-oligonucleotide, a 
deoxyribonucleotide, an antisense ribo-oligonucleotide, and/or an 
antisense deoxyribo-oligonucleotide; psychostimulants; sedatives; 
anabolic agents; vitamins; herbal remedies; anti-metabolic agents; 
anxiolytics; attention deficit disorder (ADD) and attention deficit 
hyperactivity disorder (ADHD) drugs; neuroleptics; and 
tranquilizers. 

Beginning at page 24, the specification discusses therapeutic uses. Accordingly, 
demonstration of specific therapeutic effects for particular diseases to enable the invention as 
claimed is not necessary. 

Applicants have further exemplified that antibodies can be galactosylated with Y289L GalT 
having a chemical handle at the C2 position in Bioconjugate Chem. 2009, 20, 1228 - 1236 (provided 
herein). Applicants describe the utility of Y289L GalT to transfer a sugar residue with C2-keto-Gal 
(or GalNAz) from their UDP derivatives to the N-acetylglucosamine residue of glycoproteins or 
glycopeptides. (see, e.g. Figure 5 on page 1233). Moreover, Applicants teach that the conjugation 
technology is a viable method that can be used for detection and targeting therapies, (see, p. 1229). 
In Bioconjugate Chem. 1009, 20, 1383- 1389 (provided herein), Applicants describe the biological 
activity of the described glycoconjugates. For example, Applicants describe C-terminal extended 
fusion polypeptides of recombinant scFv fusion proteins that are used as the acceptor substrate for 
human polypeptide-alpha-N-acetylgalactosaminyltransferase II that transfers either GalNAc or 2- 
keto-Gal from their respective UDP-sugars to the side-chain hydroxy! group of the Thr residue($). 
The fusion scFv proteins with the modified galactose are then conjugated with a fluorescence prt>be, 
Alexa488, that carries an orthogonal reactive group. The fluorescence labeled scFv proteins bind 
specifically to a human breast cancer cell line (SK-BR-3) that overexpresses the HER2 receptor, 
indicating that the in vitro folded scFv fusion proteins are biologically active and the presence of 

BOS2 752775,1 



PAGE 13/35 * RCVD AT 9/8/2009 4:31:38 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/2 * DNIS:2738300 * CSID:6172274420 * DURATION (mm-ss):07-02 



09/08/2009 16:34 FAX 6172274420 



E A P & 0 



©014/035 



Application No. 10/580.108 
Response to Office Action of 7/07/2009 
Page 11 of 16 

conjugated multiple Alexa488 probes in their CMerminal end does not interfere with their binding to 
the antigen. 

Taken together, the teachings of the specification and knowledge of one of skill in the art 
enables one of skill in the art to practice the fall scope of the claimed invention without having to 
resort to undue experimentation. Applicants accordingly request that the rejection be reconsidered 
and withdrawn. 

Written Description 

Claims 1 - 3, 8 - 12 and 43 -45 were rejected under 35 U.S.C §112, first paragraph, for 
allegedly containing subject matter which was not described in the specification in such a way as to 
reasonably convey to one skilled in the relevant art that the inventor, at the time the application was 
filed, had possession of the claimed invention. (Office Action, p.8). Applicants respectfully 
disagree. 

The Examiner argues that "claims 1, 9 and 45 are broadly drawn to any targeted 
glycoconjugate comprising any bioactive agent and any targeting compound wherein the bioactive 
agent and the targeting compound are joined by any modified saccharide compound for use in any 
medical therapy." (Office Action, p.8). Applicants respectfully disagree. 

The Examiner argues that "claim 2 is broadly drawn to any targeted glycoconjugate 
comprising any bioactive agent such as any and all polypeptide, any and all releasing factor, any and 
all releasing factor inhibitor, any and all carbohydrate, any and all nucleic acid and any and any 
targeting compound wherein the bioactive agent and the targeting compound are joined by any 
modified saccharide compound wherein the modified saccharide compound comprises galactose and 
any reactive functional group attached to the C2 position of the galactose ring for use in any medical 
therapy." (Office Action, p.8). Applicants respectfully disagree. 

The Examiner argues that "claim 3 is broadly drawn to any targeted glycoconjugate 
comprising any bioactive agent and any targeting compound such as any glycoprotein wherein the 
bioactive agent and the targeting compound are joined by any modified saccharide compound." 
(Office Action, p.8 - 9). Applicants respectfully disagree. 
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The Examiner argues that "claim 8 is broadly drawn to any targeted glycoconjugate 
comprising any bioactive agent and any targeting compound wherein the bioactive agent and the 
targeting compound are joined by any modified saccharide compound such as modified galactose." 
(Office Action, p.0). Applicants respectfully disagree. Claim 8 has been cancelled. Applicants 
respectfully request that this rejection be withdrawn. 

The Examiner argues that "claim 10 is broadly drawn to any targeted glycoconjugate 
comprising any bioactive agent and any targeting compound wherein the bioactive agent and the 
targeting compound are joined by any modified galactose further comprises any reactive functional 
group." (Office Action, p.9). Applicants respectfully disagree. Claim 10 has been cancelled. 
Applicants respectfully request that this rejection be withdrawn. 

The Examiner argues that "claim 43 is broadly drawn to any and all pharmaceutical 
composition comprising any and all targeted glycoconjugate comprising any bioactive agent and any 
targeting compound wherein the bioactive agent and the targeting compound are joined by any 
modified saccharide compound and a phanuaceutically acceptable carrier." (Office Action, p.9). 
Applicants respectfully disagree. 

The Examiner argues that "claim 44 is broadly drawn to a kit comprising any targeted 
glycoconjugate comprising any bioactive agent and any targeting compound wherein the bioactive 
agent and the targeting compound are joined by any modified saccharide compound and a 
pharmaceutically acceptable carrier." (Office Action, p.9). Applicants respectfully disagree. 

In the interest of compact prosecution, the above rejections will be addressed together. 

The Examiner argues that "the scope of each genus includes many members with widely 
differing structural, chemical, and physiochemical properties of targeting compound and bioactive 
agent such as widely differing amino acid sequences, nucleotide sequences and biological functions 
in the claimed glycoconjugate." (Office Action, p.10). The Examiner argues further that "each 
genus is highly variable because a significant number of structural and biological differences 
between genus members exist." (Office Action, p. 10). Applicants disagree. 

As amended, the claims are sufficiently described in the specification. 
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The claims have been amended to particularly recite targeted glycoconjugate compounds 
comprising a bioactive agent and a targeting compound, wherein the bioactive agent and targeting 
compound are joined by a modified UDP galactose acetyl group (UDP-GalNAc), and wherein the 
modified UDP-GalNAc comprises a ketone group attached to the C2 position of the galactose ring. 

As discussed above, the claims have been amended to recite that the bioactive agent and 
targeting compound are joined by a modified UDP galactose acetyl group (UDP-GalN Ac), 
where the modified UDP-GalNAc comprises a ketone group attached to the C2 position of the 
galactose ring. 

The specification teaches that saccharide compounds of the present invention, and in 
particular galactose, are particularly modified at the C2 position. The specification teaches that the 
C2 position is favorable over other positions on the galactose ring because GalT has been shown to 
tolerate unnatural substrates containing minor substitutions at the C2 positions. Applicants describe 
a strategy for the rapid and sensitive detection of O-GlcNAc glycoslated proteins, where experiments 
show that 'the ketone functionality was appended at the C-2 position of the galactose ring because 
GalT has been shown to tolerate unnatural substrates containing minor substitutions at the C-2 
positions, including 2-deoxy, 2-amino, and 2-N-acetyl substituents (Ian et aL, 2001 ; Wong et al, 
1995) (and). 2-deoxy-Gal was transferred at rates comparable to Gal, whereas 3-, 4, and 6-deoxy- 
Gal were transferred at reduced rates." (page 48). 

Modified saccharide compounds are described at page 9. 

Targeting compounds are described at page 1 0 and page 18, For example, antibodies are 
given as an example of a targeting compound at page 20. 

Bioactive agents are described beginning at page 10, 

Applicants submit that the claims are sufficiently described in the specification to reasonably 
convey to one skilled in the relevant art that the inventor, at the time the application was filed, had 
possession of the claimed invention. Applicants respectfully request that the foregoing rejections be 
withdrawn. 
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35 U.S.C. §103ra^ 

Claims 1 - 3, 8 - 10, 43 - 45 and 49 stand rejected under 35 U.S.C. §103(a) over 
US Patent No. 7,265,085 (the '085 reference herein) and in view of Ramakrishnan et al. 
(J Biol Chem 277 (23):20833 - 20839, June 2002) and Hang et al. (J Am Chem 123: 
1242 - 1243, 2001). Applicants respectfully traverse the rejection. 

The claims have been set forth above. 

The Examiner argues that "(t)he '085 reference teaches various targeted glycoprotein such as 
transferring-SA linker-GDNF wherein the reference targeting compound such as transferrin and 
bioactive agent such as GDNF are joined by a modified saccharide compound such as o-Glc-NAc 
modified galactose using beta- 1 ,4 galactosyl transferase." (Office Action, p. 1 4). The Examiner 
argues that 

The '085 reference is directed to methods of remodeling a peptide to attach a specific glycan 

structure. The '085 reference teaches that at least one of the glycosyl donors comprises a modifying 

group (and) preferably, the modifying group is a member selected from the group consisting of a 

polymer, a therapeutic moiety, a detectable label, a reactive linker group, a targeting moiety and a 

peptide. That is, the '085 reference teaches that the glycans structures are remodeled in order to be 

useful (see col. 63 - 65). Conjugates of the invention are described beginning at col. 66: 

In a first aspect, the present invention provides a conjugate 
between a peptide and a selected moiety. The link between the 
peptide and the selected moiety includes an intact glycosyl 
linking group interposed between the peptide and the selected 
moiety. As discussed herein, the selected moiety is essentially any 
species that can be attached to a saccharide unit, resulting in a 
"modified sugar" that is recognized by an appropriate transferase 
enzyme, which appends the modified sugar onto the peptide, (col, 
66 - 67, emphasis added. 

Typical conjugates of the invention are shown by the structure at col. 67, line 5, where 
"symbols a, b, c, d and s represent a positive, non-zero integer; and t is either 0 or a positive 
integer. The 'agent' is a therapeutic agent, a bioactive agent, a detectable label, water-soluble 
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moiety or the like. . .(and) (t)he linker can be any of a wide array of linking groups, infra. . .(or) a 
single bond or a "zero order linker." 



The '085 reference exemplifies such a conjugate at col. 68, line 6, where "EPO is conjugated 
to transferrin. . .(or) EPO is conjugated to glial derived neurotropic growth factor (GDNF). In these 
embodiments, each conjugation is accomplished via a bifonctional linker that includes an intact 
glycosyl linking group at each terminus of the PEG moiety, as aforementioned." (emphasis 
added). 

Clearly, the glycoconjugates that are taught by the '085 reference are different from the 
present claims, where the bioactive agent and targeting compound are joined by a modified UDP 
galactose acetyl group (UDP-GalNAc), where the modified UDP-GalNAc comprises a ketone group 
attached to the C2 position of the galactose ring. The structure of these conjugates is different from 
the present invention as claimed. 

None of the Rarnakrishnan or Hang references cure the defects of the '085 reference. 

The Examiner argues that "Rarnakrishnan et al. teach a modified beta- 1 ,4 
galactosyltransferase having a tyrosine at position 289 substitute for Lysine that enhances the 
GalNAc-transferase activity equal to that of Gal-T activity." (Office Action, p. 15). 

The Examiner argues that "Hang et al. teach the use of unnatural or modified 
monosaccharide such as 2-ketosugars or 2-keto isotere of GalNAc sugar or 2-acetaminodsugars as 
the substrate for GalNAc transferase for metabolic glycoprotein engineering in CHO cells. Hang et 
al. further teach the ketone reactive group produced by 2-ketosugars can be used as a molecular 
handle and more accessible for chemical reaction with biotin hydrazide" (Office Action, p. 15). 

The Rarnakrishnan and Hang references do not make up for the defects of the '085 reference. 
The '085 reference does not teach a targeted glycoconjugate comprising a bioactive agent and 
targeting compound that are joined by a modified UDP galactose acetyl group (UDP-GalNAc). Nor 
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does the '08S reference provide teaching or suggestion to modify any position of the saccharide ring 
preferably over any other position. It would not have been obvious to one of ordinary skill in the art 
at the time the invention was made to substitute the beta-1 ,4 galactosyl transferase that catalyse the 
transfer of galactose in the target conjugate of the '085 patent for the modified beta- 1,4 
galactosyltransferase taught by the Ramakrishnan reference using any modified monosaccharide 
such as 2-keto$ugars or 2-ketoisostere of GalNAc as a molecular handle as taught by the Hang 
reference. 

In view thereof, reconsideration and withdrawal of the rejection are requested. 

CONCLUSION 

For the reasons provided, Applicant submits that all claims are allowable as 
written and respectfully requests early favorable action by the Examiner, 

If the Examiner believes that a telephone conversation with Applicant's 
attorney/agent would expedite prosecution of this application, the Examiner is cordially 
invited to call the undersigned attorney of record. 



Date: September 8, 2009 




Registration No.: 33,860 

EDWARDS, ANGELL, PALMER AND 

DODGE LLP 

P.O. Box 55874 

Boston, MA 02205 

(617) 439-4444 

Attorneys for Applicant 

Customer No. 21874 
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Site Specific Conjugation of Fluoroprobes to the Remodeled Fc N-Glycans 
of Monoclonal Antibodies Using Mutant Gly cosy Itransf erases: Application 
for Cell Surface Antigen Detection 

Elizabeth Boeggeman f t4,s Boopathy Ramakrishnan/-*- 8 Marta Pasek, f Maria Manzoni, t Anu Pun,* 
Kristin H. Loomis,* Timothy J. Waybright,*" and Pradman K. Qasba*' 1 

Structural Glycohiology Section, CCR-Nanobiology Program, Membrane Structure and Function Section, CCR-Nanobiology 
Program, Basic Research Program, SAIC-Frederick, Inc.. and Laboratory of Protcomics and Analytical Technologies, 
SAIC-Frederick, Inc. Received March 6, 2009; Revised Manuscript Received April 15, 2009 



The Fc N-glycan chains of four therapeutic monoclonal antibodies (mAbs), namely, Avastin, Rituxan, Remicadc, 
and Herceptin, released by PNGase F, show by MAJLDI analysis that these biantennary N-glycans are a mixture 
of GO, Gl , and G2 glycoforms. The GO glycoform has no galactose on the terminal GlcNAc residues, and the Gl 
and G2 glycoforms have one or rwo terminal galactose residues, respectively, while no N-glycan with terrninal 
sialic acid residue is observed. We show here that under native conditions we can convert the N-glycans of these 
mAbs to a homogeneous population Of GO glycoform using /Jl,4 galactosidase from Streptococcus pneumoniae. 
The GO glycoforms of mAbs can be galactosylated with a modified galactose having a chemical handle at the C2 
position, such as ketone or azide, using a mutant /H.4-galactOSylttanSferase (01,4Gal-TI-Y289L). The addition 
of the modified galactose at a specific gjycan residue of a mAb permits the coupling of a biomolecule that carries 
an orthogonal reactive group. The linking of a biotinylated or a fluorescent dye carrying derivatives selectively 
occurs with the modified galactose, C2-keto-Gal, at the heavy chain of these mAbs, without altering their antigen 
binding activities, as shown by indirect enzyme linked immunosorbent assay (ELISA) and fluorescence activated 
cell sorting (FACS) methods. Our results demonstrate that the linking of cargo molecules to mAbs via glycans 
could prove to be an invaluable tool for potential drug targeting by immuno therapeutic methods. 



INTRODUCTION 

Monoclonal antibodies are increasingly becoming important 
therapeutic agents to target drugs to the tissue in need of 
treatment, leaving the normal tissue unharmed (J). They are 
commonly used in combination with chemo therapeutic agents 
for cancer treatment (2). The concept of making of antibody —drug 
conjugates (ADC) by which the antibody is used as a vehicle 
to deliver a cargo molecule to the tumor cell is gaining immense 
interest (3-5). Generally, the ADCs are antibodies conjugated 
to cytotoxic substances, such as drugs, toxins, and radioisotopes. 
The conjugated antibody recognizes and binds to cell surface 
antigen(s). At this point, the cargo molecules must be internal- 
ized into the target cells and released from the antibodies for 
activation of the drug. 

All Licensed therapeutic antibodies are of the IgG class; these 
are complex glycoproteins with two main functions, including 
a multivalent antigen binding through the Fab variable domains 
and effector functions through the Fc constant domain. IgG 
molecules are N-glycosylated in the CH 3 domain of the Fc 
fragment at the conserved Asn 297. In human IgGl, which is 
the main subtype used for therapeutics, the majority of the Fc 
glycans are complex biantennary structures with variable 
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galactosylation: 0, 1, or 2 terminal galactoses corresponding to 
GO, Gl, and G2 glycoforms. respectively, and <10— 14% are 
siarylated (6, 7). Only 15-20% of human IgGl are also 
glycosylated in the Fab region Of the molecule (7, 8). Recent 
in vitro studies have established the importance of the Fc 
glycosylation profile of the IgG molecule on its effector 
functions: complement-dependent, cell-mediated cytotoxicity 
(CDC) and antibody-dependent, cell-mediated cytotoxicity 
(ADCC), such that removal of terminal galactose from the IgG 
can reduce the CDC but not affect ADCC activity (9). However, 
the use of rat hybridoma Y62/0 cells has permitted the 
production of mAbs that lack fucose in the conserved core 
oligosaccharide increasing the ADCC activity of the IgG, 
allowing the antibody to be effective at lower doses (JO). Thus, 
glycosylation of recombinant monoclonal antibodies has been 
the focus of attention of the pharmaceutical industry to produce 
a homogeneous human-type glycosylation product, irrespective 
of the system/means by which the antibodies are produced. 

After years of work to produce successful monoclonal 
antibodies as targeted drug therapeutics, researchers have 
developed 6 unconjugated and 3 antibody- drug conjugates that 
are currently approved for cancer treatment (//). Generally, the 
labeling of antibodies with the cargo molecules involves 
chemical methods which are difficult to control because the 
chemical reactions occur at tyrosine, lysine, aspartic, and 
glutamic acid residues that are distributed randomly on the 
surface of the protein. The result is the production of proteins 
with compromised activities (72). In order to maintain the 
biological activity of the protein and to optirnizo the production 
of homogeneous proteins, several methods have been developed 
for site-specific modification of the carriers. In the monoclonal 
<inlibodies, this sice should be selected such that it is away from 
i he antigen binding site. The oligosaccharide moieties of 
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immunoglobulins are not involved in the process of antigen 
binding and are N- linked to Asn297 on the heavy chain in the 
Fc domain of the immunoglobulin far from the antigen binding 
site. The conjugation of monoclonal antibodies to the cargo 
molecules via the oligosaccharides has been earned out by 
chemical of enzymatic methods, resulting in the formation of 
aldehydes (13, 14). Generally > the chemistry used for the 
modification of the sugar moieties present on glycoproteins such 
as the immunoglobulin's is mild periodatc oxidation of sialic 
acid residues, resulting in the generation of aldehyde groups, 
which can then be used for coupling (15, 16), However, less 
than 10—14% of mAbs are sialyl ated (6, 7). An alternative 
method for the generation of aldehyde groups on the oligosac- 
charide moieties of glycoproteins is the use of enzymes (16— IS), 
However, the maximum number of aldehyde groups is dictated 
by the structure/linkage of the sugar; thus, the heterogeneous 
nature of the sugar moieties on the monoclonal antibodies can 
result in poor conjugation. 

Recently, new chemo enzymatic methods for conjugation have 
been developed for sice-specific conjugation (19—21). We have 
shown the utility of the galactosyl transferase mutant to transfer 
a sugar residue with a chemically reactive functional group (e.g., 
C2-keto-Gal or GalNAz) from their UDP derivatives to the 
N-acctylglucosamine residue of glycoproteins or glycopepddes 
(20, 21). Using this method, we have shown that the N-glycan 
moiety of the IgG molecule can be used as the substrate for the 
transfer of C2-keto-Gal sugar by the mutant £1.4Gal-Tl-Y289L 
(20). After the transfer of the modified sugar residue, the 
chemical handle is used for selective conjugation with a 
biomolecule that has an orthogonal reactive group, such as an 
aminooxy linked to biotin (19-21). 

Here, we show that one can take advantage of the unique 
heterogeneous oligosaccharide linked at Asn297 in the mAbs 
that can be made homogeneous by a simple enzymatic procedure 
and obtain a population of mAbs having a set of g] yeans of the 
GO glycoform that are subsequendy fully galactosyl ated to a 
G2 glycoform, with the modified C2-keto-Gal as monitored by 
MALDI-TOF analysis of the PNGasc F-treated samples. The 
transferred C2-ketr>Gal is coupled to an antinomy-bio tin, which 
was previously detected by cfoerny umincscence techniques (20, 22) 
and here by MALDLTOF analysis of the N-glycans. Using ELISA 
methodology, we show that the coupling of aminooxy -biotin 
to C2-keto-Gal does not compromise the antigen (Ag) binding 
site. Furthermore, Herceptin with C2-keto-Gal modified N- 
glycans coupled to Alexa Fluor 48$ Q-aminooxyacotamide 
binds to HER2-receptor-expressing cells, as shown by FAC$ 
methodology. Therefore, our conjugation technology presents 
a viable method to quantify the cargo molecules to be used for 
detection and targeting therapies. 

EXPERIMENTAL PROCEDURES 

REAGENTS. Rituxan (Riurximab) and Remicade (Inflix- 
imab) are recombinant chimeric monoclonal antibodies (mAbs), 
and Avastin (Bevacizumab) and Herceptin (Trastuzumab) are 
recombinant humanized mAbs (Genentech, Inc., South San 
Francisco, CA), purchased via the NIH pharmacy (Bethesda, 
MD), HTC-conjugated goat antihuman IgG (whole molecule) 
was from Sigma-Aldrich (St. Louis, MO). Alexa Fluor 488 Cs- 
aminooxyacctamide, bis (triethylarnmonium) salt (Alexa Fluor 
488 hydroxylaroinc) was from Invitrogen (Eugene, OR). Re- 
combinant ^1,4-galactosidasc from Streptococcus pneumoniae 
was from Calbiochem (San Diego, CA). Peptide rV-giycoside F 
(PNGase F) was from New England Biolabs (Ipswich, MA). 
Microcon Ulrracel YM-50 centrifugadon devices came from 
Millipore Corporation, (Bedford, MA). Protein A-Sepharose 4B 
conjugate was from Invitrogen (Eugene, OR). 2^-Dihydroben- 
zoic acid (DHB) came from Sigma-Aldrich (St. Louis, MO). 
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Micro biospin chromatography columns P-30 were from Bio- 
Rad (Hercules, CA). Recombinant human vascular endothelial 
growth factor (VEGF) was from Thermo Scientific and p- 
nitrophenyl phosphate from Sigma-Aldrich (St. Louis, MO). 
UDP-C2-keto-Gal was synthesized as described previously (19). 

fi 1,4 GalBctosyltransferase Expression In E. coli arid in 
Vitro Folding of Inclusion Bodies, The enzymes £l,4Gal- 
Tl 1 and 01,4Gal-Tl-Y289L used in this study have been 
previously described (23, 24). Inclusion bodies were purified 
from the bacterial pellet as described earlier (23, 24). The in 
vitro folding Of the enzymes was carried out in a way similar 
to that of 01 t 4GaJ-Tl (23), with a few modifications. Typically, 
100 mg of sulfonated protein were folded for 48 h in 1 L of 
folding solution that contained oxido-shuf fling reagents and 5S0 
mM arginine-HCL (23). The presence of arginine in the folding 
solution enhances the folding efficiency of j5l,4Gal-Tl-Y289L. 

DegaUctosylation of Monoclonal Antibodies. Avastin, 
Rituxan, Remicade, or Herceptin were washed with 50 mM 
sodium phosphate pH 6.0. using a Microcon Ulrracel YM-50 
cCTtrifugarion device. The samples at 8 mg mL -1 were incubated 
with 100 mU of recombinant Streptococcus pneumoniae 01,4- 
galactosidase for 24 h at 37 °C. Removal of terminal galactose 
residues was confirmed by analysis of the N-glycans released 
after PNGAse F treatment by MALDI TOP spectrometry. 
Approximately 3 pg of mAbs was incubated in the presence or 
absence of PNGase F (2500 units). 16 h at 37 °C in 10 j«L of 
G7 buffer. Samples were then purified on microspin charcoal 
columns (Harvard Apparatus, MA). Samples were cluted with 
30% acctonirrile and analyzed by mass specirometry. Degalao 
tosykted monoclonal antibodies were then purified by protein 
A affinity chromatography. 

Protein A Affinity Chromatography or mAbs. Degalacto- 
sylatcd samples were diluted 1:1 with 1 x PBS, pH 7.4 (binding 
buffer), and then added to the protein A columns (Invitrogen). 
The columns were washed several times with binding buffer 
and the mAbs were eluted with 100 mM glycine-HCL, pH 2.7. 
The eluted mAbs were neutralized with 1 M Tris-HCl butter 
pH 8.0, concentrated, and washed with 1 x PBS, pH 7.4, using 
the Microcon Ulrracel YM-50 centrifugaiion device. Protein 
amounts were determined using the Bio-Rad protein assay kit 
based on the method of Bradford (BIO-RAD), and the purity 
Of all mAbs further verified by SDS-PAGE electrophoresis. 

Transfer of C-2 keto Galactose from Its OTP-Derivative 
to Free GlcNAc Residues on mAbs using the Mutant 
01,4GaJ-Tl-Y2S9L and Btotinylatton of the mAbs. Mono- 
clonal antibodies (12 ^g) were incubated with 2 mM UDP-C2 
keto-Gal and 12 ^g of the mutant i9l^Gal-Tl-Y289L in a 25 
fiL final incubation mixture containing 10 mM MnQj and 25 
mM Tris-HCl (pH 8.0). Reactions were incubated at 30 °C 
for 12 h. The ketone-labeled proteins were subsequently diluted 
to 30 fiL in a mixture containing 50 mM NaOAc (pH 3.9) and 
3 mM //-aminooxy -me thylcarbon y lhy dra2ino-D-bi o tin (AOB), 
purchased from Dojindo Laboratories. The biotinylation reac- 
tions were incubated with gentle shaking for 12-16 h at 25 



'Abbreviations; 01AGaI-Tl. 0 1 ,4-galaaasylcranafcrasc; ELISA, 
enzyme linked iinmunosorbcnl assay; FAGS, fluorescence activated cell 
sorting; PNGasc f, peptide N-glycosidase F: DHB. 2,5-riihydiobciwoic 
acid; DMA, A^AfciiinflihylaiuJinc; Gal, galactose: GlcNAc. AT-acetyl- 
ghieosamine; N-acetyl-azido-galaetosanuzie (Gul-2-NHCO-CHi-Nj), 
GaJNAz; UDP-Oal, uridine 5^diphosphogtiiactoso; UDP-2-kewyGal, 
Uridine r-<lipbD5pho-2-acctonyi-2-aeoxy-galacw>se; UDP-GalNAc, uri- 
dine 5 r -o^hospho-^-acetylgalactosamzne; UDP-GalNAz, uridine 5 f * 
d1phospho^-^cetyl-a2idr>-gnlartoaamin©; MALDI, matrix-assisted laser 
desozption ionization; MS, mass spectra; AOB, ^-aminooxy-moutyl- 
earbonvmydrazmo-n-biotin; HBJp, horseradish peroxidase; FBS> fetal 
bovine serum; B$A, bovine serum albumin; PBS, phosphate buffer 
saline. 
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°C. A ponion of the sample was treated with PNGase F for the 
MALDI-TOF analysis of the glycan chain, and a portion was 
boiled in Tris-Glycine-SD$ sample buffer containing fi-mer- 
captoethanol and analyzed by Western blot analysis as 
described {19-21). 

SDS-PAGE Analysis or mAbs and Western Blotting of 
IgGs. The SDS-PAGE analyses of native or biotinylatcd mAbs. 
respectively, before and after PNGase F treatment, were 
performed in 14% Tris— glycine gels (Invitrogen). For Western 
blotting analysis, the proteins from die gels were then transferred 
by electrophoresis to nitrocellulose paper (0.45 #m pore size) 
for 2 h at 25 V and biolinyl&ted protein bands identified as 
described previously (20). 

Fluorescent Labeling of Herceptin. Fluorescent labeling 
reactions were carried out by creating 10 p% of C2-keto-Gal 
labeled Herceptin with 400 ftM of Alcxa Fluor 488 Cs- 
ariunooxyaceianude in 27 fit containing 166 mM NaOAc (pH 
4.9), The reactions were incubated for 2-6 h at 37 °C. The 
unrcacted fluorescent dye was removed by purification on micro 
biospin chromatography columns P-30 from Bio-Rad (Hercules, 
CA), as per manufacturer's directions. Purified samples were 
separated by SDS-PAGE and fluorescence was detected using 
a multi view FMBIO n scanner (Hitachi). 

Indirect ELISA. The binding activity of Avastin to recom- 
binant human vascular endothelial growth factor (VEGF) was 
determined in a solid-phase binding assay using soluble Avastin 
and coated VEGF. Binding of antibodies was then detected by 
a specific secondary antibody in an enzyme-linked immunosor- 
bent assay. Briefly, flat-bottom 96-wcll microtiter plates (Costar 
3690, Coming Inc., NY) were coated with the appropriate 
amounts of VEGF overnight at 4 °C and were washed three 
times with phosphate buffer saline (PBS) pH 7.4 containing 
0.05% Tween-20 and 01% sodium azide. The plates were 
blocked with 3% bovine serum albumin (BSA) in PBS with 
0.05% Tween-20 for 1 h at room temperature. A serial dilution 
of native or modified Avastin was added to the VEGF-coated 
plate and incubated for 1 h at room temperature. The detection 
antibody conjugate (antihuman-Fc-phosphatase) (Thermo Sci- 
entific) was then applied for 1 h at room temperature. The 
detection of alkaline phosphatase was performed with p- 
nitrophenyl phosphate (Sigma). Samples were measured at 405 
nm with a plate reader. 

Matrix-Assisted Laser DesorptionvTonization Mass Spec- 
trometry. Typically 1-2 p£L of sample was mixed with an equal 
volume of 2,5-dftydrobenzoic acid (DHB) matrix solution 
prepared by dissolving 100 mg of DHB (Sigma Chemicals) in 

1 mL of a 1:1 solution of water and acetonitrile. In some 
instances, a matrix solution of a mixture of DHB/DMA (rVyv*- 
dimethylanilinc) was used, which was prepared by adding 30 
pL of distilled DMA to the DHB matrix (25). Mixtures were 
spotted onto a stainless steel plate after mixing the samples and 
matrix solutions (1 pL each). The samples were dried by 
evaporation at room temperature. A hybrid triple-quad time- 
of-fligbt (QqTOF) mass spectrometer (QSTAR XL, Applied 
Bioaystems, Inc., Framingham MA) was configured for matrix- 
assisted laser desorption/ionization (MALDI). Mass spectrom- 
etry (MS) data was obtained using a laser intensity = 21 000 

pulse rate = 20 Hz, collision gas (CAD) = 3 (high purity 
argon, Airgas, Inc., Frederick, MD), focusing potential (FP) = 
35 V, dechistering potential (DP) = 0 V, declustering potential 

2 (DP2) = 20 V. and ion energy (JEl) = 0.8 V. All samples 
were analyzed in the positive mode with a 3 min accumulation 
time over an m/z range of 150—3000 amu. 

Cell Surface Immutttttoining of HER2 Receptor by 
FACS Analysis. To determine if the modifications in Herceptin 
influenced its ability to bind to the cellular HER2 receptor, we 
used either indirect inununostaining (when using modified 
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Figure 1. SDS-PAGE analysis of monoclonal antibody before and after 
PNGaac F treatment. (1) Kaleidoscope protaincd standards; (2) the 
Dative IgG; (3) IgG after treatment wiih PNGase F. Arrows show from 
top to bottom: (a) heavy chain of native IgG, (b) ^glycosylated heavy 
chain of IgG, (c) PNGase F used for deglycosylation, and (d) light 
chain of IgO. 

Herceptin) or direct immunostaming of cells when using Alexa- 
conjugated-Herceptin. HER2 receptor expressing human breast 
adenocarcinoma cells (SKBR-3) and HER2 receptor negative 
human breast adenocarcinoma cells (MDA-MB-468) were 
purchased from the American type Culture Collection (ATCC, 
Manassas, VA). The cells were cultured in DMEM/F12 medium 
supplemented with 10% (v/v) heai-inactivatcd fetal bovine serum 
(PBS) and penicillin/streptomycin as antibiotics at 37 °C in a 
humidified atmosphere containing 5% C0 2 . Other culture 
reagents were bought from Invitxogen (Carlsbad, CA). For 
immunottaining experiments, cells were harvested using a PBS- 
based, enzyme-free cell dissociation buffer, and suspended to 
a concentration of 10 7 cells per mL in PBS containing 5% FBS. 
The cells were further incubated for 15 min at room temperature, 
centrifuged and washed twice with cold PBS supplemented with 
0.1% BSA (PBS-BSA), and resuspended in PBS-FBS at a 
concentration of 10 7 per mL. For incubation with antibodies, 
100 pL cell suspension (containing 10 6 cells) were placed in 
1.5 mL Eppcndorf tubes. Native Herceptin, modified Herceptin. 
or Alexa-conjugated Herceptin (4 each) was added to 
individual samples, and incubations were continued for 1 h at 
4 °C in the dark with constant shaking. At the end of 
incubations, samples were washed twice with cold PBS-BSA, 
and resuspended in 100 PBS-FBS. The samples incubated 
with Alexa-conjugated Hcccptin were analyzed by FACS. The 
cells incubated with native Herceptin or modified Herceptin were 
incubated with a 1:32 dilution of FlTC-conjugated goat antihu- 
man IgG for 1 b at 4 °C in the dark with constant shaking. 
Cells were washed twice with PBS-BSA, and resuspended in 
PBS-BSA (1 mL per sample). Control samples were incubated 
without any primary antibody, with only the FTTC-conjugated 
goat antihornaii IgG. Cells were analyzed using a FACS Caljbur 
flow cytometer (Beet on Dickinson, San Jose, CA). Each sample 
was analyzed for 10 000 counts of viable cells, and all samples 
wore run at least in duplicate. 

RESULTS 

Glycofbrms of Therapeutic Monoclonal Antibodies; MS 
Analysis of Native and /J-gulactosidnse-treated IgGs. The 
human IgGs are N-glycosylatcd in the CH 2 domain of the Fc 
fragment and only *-15-20% are also glycosylated in the Fab 
domain (7. 8). SDS-PAGE analysis of mAbs, Avastin, Rituxan, 
Remicade, and Herceptin, before and after the PNGase F 
treatment, shows the mobility difference only in the heavy chain 
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Figure 2. Olycofoims of chcrapcuuc monoclonal antibodies; MS 
analysis of N-glycans after ^-galacioaidase iraumcnt of IgG's. (A-D) 
MALDI-TOF MS analysis of N-glycans released by PNGase F 
treatment (red arrow shows the cleavage site) of native Rituxan (A), 
Remicade (B), Avastin (C), and Herceptin (D). GO glycoform with a 
peak ai 1485-6 m/z, the Gl glycofonn widi a peak at 1647.6 mJz, and 
02 glycoform with a peak at 1B09.6 mJv mAbs were rreaied with 
^-galaclosidase lo obtain a homogeneous GO gtycoform population 
(A 7 -D0 MALDI-TOF analysis of N-glycans released by PNGasc F 
treatmeni of 0-gaJactosidase treated Rituxan (AO, Remicade (B') t 
Avasiin (CO. and Herccptin (D'). respectively. Only the GO glycofoim 
with a peak at 1485,6 m/z is seen after treatment. Major peaks are 
annotated with the carbohydrate structure shown in the symbols for 
monosaccharides, according to the nomenclature adopted by the 
consortium for functional glycomics: GlcNAc (blue squares \ mannose 
(green spheres), galactose (yellow spheres), and fucose (red triangles). 
The symbols were drawn using the Glyco Workbench program found 
in the Eurocarb database httpV/www. Eurocarb.org/. 



protein band, and not in the light chain, indicating that the 
oligosaccharide chain Ls released only from the IgG heavy chain, 
and not from the light chain (Figure 1). 

The degree of heterogeneity of the oligosaccharides in the 
native mAbs was determined by carrying out the MALDI-TOF 
analysis of the oligosaccharide released after PNGase F treat- 
ment of mAbs. MS analysis of oligosaccharides released after 
PNGase P treatment of native forms of Rituxan and Remicade 
show that they carry oligosaccharides of GO, Gl, and Q2 
glycoforms (Figure 2A,B), corresponding to 0, 1, and 2 galactose 
residues, respectively, while Avastin and Herceprin have only 
GO and Gl glycoforms (Figure 2CJ3). None had Sialylated 
structures as observed with some mAbs (6). To selectively 
remodel the oligosaccharide of the monoclonal antibodies at 
Asn 297 in the Fc domain and to obtain a homogeneous 
population of glycoforms, the IgGs were degalactosylated by 
^1,4-galactosidase from S. pneumoniae for 24 h. After galac- 
tosidase treatment, the degree to which the mAbs glycans were 
degalactosylated was confirmed by MALDI-TOF analysis of 
the N-glycans after PNCase F treatment. 24 h incubation of 8 
rng/mL" 1 of mAbs with 100 mTJ units of gaJaetosidase in 50 
fiL incubation mixture completely converts the IgG in GO 
glycoform (Figure 2A'-D0. 

RegiycosyLaUon of GO Glycoform of mAbs Using Either 
UDP-Gal or UDP-GalNAc as Sugar Donors, The mutant 
& l,4Gal-Tl-Y289L enzyme, in contrast to the wild-type enzyme 
/tt,4Gai-Tl, exhibits both /jl,4Gal transferase and ^MGalNAc 
transferase activities (24). Using chemoenzy malic methods, it 
was shown thai the mutant enzyme can transfer the C2-keto- 
Gal from its UDP-derivativc to the GlcNAc residue on the 
N-glycan chain of an asialo-agalacto IgG molecule (20). In the 
present studies, we investigated the transfer of UDP-sugars to 
the protein A purified GO glycoform of Herceptin by the wild- 
type and a nmtant^l^gaJactosyltransfcrsc. Figure 3 shows the 
MALDI-TOF profile of the oligosaccharide after the transfer 
of galactose by the wild-type /JMGal-Tl (Figure 3A) and the 
transfer of ^acetylgalactosamine (Figure 3B) by the mutant 
enzyme /?l,4Gal-Tl-Y289L to the free GlcNAc residues on the 
GO glycoforms of Herceptin (Figure 2D*). Nearly 100% galac- 
tosyladon of both arms of the N-glycan of the IgG-GO glycoform 
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Figure 3. Regly coaylarion of ^-galactosidase ueated mAbs using natural Udp sugar donor*, To the degalactosylated GO glycofonn of the IgG r (A) 
galactose moiety was transferred from UDP-Galactose using the wild-type enzyme £l,4Gal-Tl or (B) GalNAc moiety was transferred from UDP- 
GalNAc using the mutant 01<4Gal-Tl-Y289L. After overnight incubation, mixtures were treated with PNGase F prior to MS analysis. (A") After 
galactose transfer, ions at 1648.1 m/z and 1810.2 are assigned to Gl and G2 glycoforms, respectively, and (B*) after GalNAc transfer, ions at 
1486.0 m/z. 1689.1 m/z, and 1692.3 m/z are assigned to GO, Gl, and G2 glycoforms, respectively 
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figure 4. Reglvcosylation of GO glycoform using C-2 modified sugar 
donors: The mutant enzyme 01,4Gal-Tl-Y289L was used to transfer 
the C-2 modified sugars from their respective UDP-sugar nucleotides 
to the degalaetosylflted mAbs; UDP-2-keto-Gal (right panel) and UDP- 
2-azido-Gal (left panel). MALDI mass analysis after treatment of 
Nf-glycans with a mixture of sialydase and /S-galaciosidnse (not shown), 
gave the same GO glycoform profile, upon PNGase P treatment, as did 
the /3-galactosidase treatment alone. The transfer of die modified sugar 
nucleotide was analyzed by mass spectrometry of the modified 
N-glycan* released after PNGase P treatment 0-Galaclosidase treaied 
mAbs having a GO glycoform are fully galactosylated to the G2 
glycoform after transfer of GalNaz moiety to the terminal GlcNAc 
residues showing a peak of 1973 mlz (left panel At C, and D). The G2 
glycoform peak at 1947 mfz in (B) is due to partial fragmentation of 
the azido group thai can take place during mass spectrometry analysis. 
The peak ai 2126 mfz corresponds to the matrix DHB adduct Right 
panel (E— H) shows the transfer of C2-keto-Gal moiety to the terminal 
GlcNAc residues in the GO glycoform (middle panel). A peak at M 89 1 
mfz corresponds to the G2 glycoform and peaks at 202$ mfz and 2044 
mfz correspond to the DHB adduct. GalNAz (pink stare) and C2-keto- 
Gal (purple circles). 

(Figure 2D') was observed when 80 pmoi of IgG (12 fig) were 
incubated at 30 °C for 12 h with 120 pmoi of 01.4Gal-Tl 
enzyme (4 fig) at 1.5 mM concentration of the sugar donor 
substrate UDP-Gal (Figure 3A*). A peak occurred at mfz 1610-2. 
corresponding to the G2 form, and a very small peak at mfz 
1648.1, corresponding to the Gl form where galactosylation is 
on either the 1,3 or 1,6 arm of the N-glycan. The transfer of 
GalNAc (Figure 3B') by the mutant enzyme j01,4Gal-Tl-Y289L 
to both arms of the GO glycoform (Figure 2 D") is observed as 
a main peak at mfz 1892.3 corresponding to the G2 glycoform 
of the mAb. Minor peaks at mfz 1486 and 1689 correspond to 
the GO and Gl glycoforms, respectively. Under the conditions 
described here, the transfer of galactose and of GalNAc to both 
GlcNAc residues on each arm of the N-linked structure is 
observed. 

Transfer of C2-k£to~Gnl to the Free GlcNAc Residues 
on the N-Glycan Chains of mAbs by the Mutant Enzyme 
ll,4Gal-Tl-Y289L. In a previous study, we showed that the 
transfer of C2-keto-Gal to the N-linked oligosaccharides of the 
IgG by the mutant 01,4Gal-Tl-Y289L (20) can be detected by 
the chenwenrymatic method. In tins study, we followed the 
transfer of C2-keto-Gal to mAbs by the MALDI-TOF of the 
PNGase F-released oligosaccharides. There is nearly full 
conversion of 80 pmoi of the GO form of IgG (12 /ig) to the 
G2 form with either C2-GalNAz (Figure 4A-D) or C2-keto- 
Gal (Figure 4E-G) using 2 mM concentration of sugar donor 
substrate UDP-C2-GalNAz or UDP^2-keio-Gal, respectively. 



with —360 pmoi of /31,4Gal-Tl-Y2B9L mutant enzyme (12 fxg) 
in a 25 /<L incubation mixture. The appearance of a major peak 
at mfz 1973.5 after the transfer of C2-GalNAz (Figure 4A~D), 
and at mfz 1890.0 after the transfer of C2-keto-Gal (Figure 
4E— G), shows that the transfer occurs under these conditions 
On both arms of the GO glycoform. 

BiotmylatioQ of the Glycosylated IgG. The transfer of C2- 
keto-Gal has been followed by coupling the biotinylated 
aminooxy biotin to the ketone group at the C2 posidon of the 
galactose (Figure 5A) and detected by a sensitive chemi lumi- 
nescence assay (19-21). MALDI-TOF analysis of the oligosac- 
charides released after PNGase F treatment of the C2-keto- 
galactosylated mAbs showed a major peak at mfz 2519. 
corresponding to the G2 glycoform of the antibodies (Figure 
5B) having 4 molecules of C2-keto-Ga] transferred per IgG 
molecule. The conjugated proteins were also analyzed by SDS- 
PAGE. followed by Western blotting and detection by the 
streptavidin-HRP technique, as previously described (19-21). 
The lack of chernillutunesccncc band in the Western blot 
analysis after PNGase F treatment of the mAbs (Figure 5C) 
supports the conclusion that the biotinylated aminooxy ligand 
is linked only to the C2-keto-Gal modified N-glycan chain of 
the IgG heavy chain. 

Comparing the Binding of Native and Modified A v as tin 
to VEGF by the ELJSA Method. We used an indirect ELISA 
method described previously (26) to analyze the binding of 
native and modified Avastin to VBFG immobilized on a 
microliter plate surface. Remodeling of the Fc N-glycans of 
Avastin did not change the binding to VEGF, when compared 
to the binding of the native mAb (Figure 6). 

Herceptin Labeling with Alexa Fluor 43$ Cg-Ammo- 
oxyace (amide. Since C2-keto galactosylated mAbs could be 
successfully coupled to aminooxy containing ligands (Figure 
5B,C) without affecting the antigen binding, as observed by 
the ELISA method (Figure 6), we linked the C2-keto-Gal 
modified Herceptin (Figure 4H) to the Alexa Fluor 48B Cj- 
arninooxyacetamide and analyzed the protein by fluorescence 
imaging of the SDS-PAGE (Figure 7 A), and subsequent staining 
of the gel with Coomassic blue (Figure 7B). Results from the 
fluorescence imaging indicate that there is a selective labeling 
of the heavy chain of the mAb. and this signal is almost lost 
following PNGase F treatment of the fluorescent-tagged anti- 
body, which removes the N-linked sugars in the Fc domain of 
the IgG (Figure 7A). No fluorescence was detected at other 
protein bands seen after Coomassie blue staining of the SDS- 
PAGE gel (Figure 7B). Conjugation of Alexa Fluor 488 to 
enzyme-modified Herceptin was further confirmed using a 
spectrofluorometer (model FluoroMax 3, HORXBA Jobin Yvon 
Inc., NJ) to measure fluorescence at Ex/Em 494/518 nm (not 
shown). 

ElTect of Herceptin Modmcaflon(s) on its Binding to 
HER2 Receptor. To evaluate the effect of carbohydrate 
modifications in Herceptin on its biological activity, wc 
examined its binding to HER2 receptor using a human breast 
adenocarcinoma cancer cell line (SKBR-3) that overexpresses 
this receptor. MDA-MB-468 cells, thai do not express the HF.R2 
receptor, were used as controls. The inimunostaming with Alexa 
Fluor 486 Cs-aminooxyacct amide-conjugated Herceptin or 
modified Herceptin was performed as described in the Methods 
section. The results are presented In Figures 8 and 9, respectively. 

Alexa-conjugated Herceptin showed binding only to SKBR-3 
cells (receptor expressing) (Figure 8B). In contrast, under 
identical conditions, we did not observe any binding above 
background for MDA-MB-468 cells (receptor negative) (Figure 
8A). Therefore, the conjugation of Alexa Fluor 488 and 
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Figure 6. VEGF BUS A comparing the binding of modified Avaslin, 
Avastin, native or modified, was bound to VEGF immobilized on a 
microtiier piste surface, and was detected with an antihuman Fc 
antibody conjugated to alkaline phosphatase. The transfer of various 
substrates by the mutant £l.4Gal-Tl-Y289U namely, GalNAc and C2- 
keto-Oal Co AYaatin did not pemirb the binding to VEGF. Aminooxy 
biodn is also linked to the modified C2-kco>Gal without perturbing 
the Fab domain. (•) Avaatin native. (V) Degajactosylated Avastin. (O) 
Dcgalaciosylated Avasrirrt- GalNAc. (O) Dcgalaccosyiated Avastin+ 
no UDP^alNAc+/?1.4Gal-Tl-Y269L. (□) Degalactosylated Avastin+ 
C2-keto-Gal. (O) Degalactosylaied Avastuvf C2-keto-Gaj +AOB. 

Herceptin did not have any effect on its rtceptor-bimding activity, 
suggesting that these conjugates may serve as suitable tools for 
imaging. 



Figure 7. Hercepdn labeling with Ataa Fluor 488 C s -aminooxy 
acetamide. C2-kcto-Gal modified Hercepdn was conjugated with 
Alexa Fluor 466 Cj-ananooxyacetaiiudc and analyzed by SOS-PAGE 
(see Materials and Methods). (A) Fluorescence imaging of the SDS- 
PAGE. (B) The gel was subsequendy stained with Coomassie blue. 
(M) Kaleidoscope standard, (1) 01,4Gal-Tl-Y2S9U (2) C2-keto- 
Gal modified Here ep tin conjugated to Alexa Fluor 488 Cs-aminooxy 
acetamide, (3) C2~keio-GaJ modified Herceptin conjugated to Alexa 
Fluor 488 Cd-ainmooxyacetamide digested with PNGase F, and (4) 
PNGase F. 



Next, we examined the effect of carbohydrate modifications 
in Herceptin, other than Alexa Fluor 488, on the binding to the 
HER2 receptor expressing cells. Wc performed cell sorting 
experiments using indirect immunosiaining (using the FITC- 
conjugated goat antihuman IgG, see Methods). The results are 
presented in Figure 9. SKBR-3 (receptor positive) cells bound 
to native and to modified Herceptin conjugates with similar 
efficiency (Figure 9 F-H). In contrast. FITC-conJugated goat 
antihuman IgG alone did not show any significant binding above 
background (Figure 9 E). Our data also show that MDA-MB* 
468 cells (receptor negative) did not bind to Herceptin (or 
modified Herceptin) above background (Figure 9A-D). There- 
fore, carbohydrate modifications and/or subsequent conjugation 
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Figure 8. Binding of Alcxa Fluor 488 conjugated Herceptin to HER2- 
reccptor expressing cells. Herceptin was enjey matically modified with 
C2-keto-Gal and conjugated with Alcxa Flucr 468 Ci-aminooxyaceia- 
mjde, Alexa-conjugntcd Hcrccpuu (4 ^g) was incubated with \& cells/ 
100 f*L PBS— FBS for 60 xnin at 4 °C while shaking in the dark. The 
cells were washed twice with FBS-BSA and resuspended in 1 mL 
PBS-BSA. Samples were analyzed by FaCS (see Materials and 
Methods). (A) MDA-MB-468 conirol cells and (B) SKBR-3 cells. The 
purple area indicates the background value. The empty area defines 
the fluorescence of Herceptin conjugated Alcxa Fluor 4£B C 5 - 
amuioaxyacctanude (green line). 

via the introduced functional groups do not alter their receptor 
binding activity. 

DISCUSSION 

The mAbs are used as powerful therapeutic agents for the 
treatment of various diseases. They can be used "naked" with 
their inherent effector functions or as targeting vehicles. Here, 
we used an enzymatic method {19—21) for the production of 
the conjugated targeting vehicle of mAbs that has the advantage 
(I) of being site-specific and accessible for conjugation; (II) the 
cargo does not interfere with or modify the Fab domain; (HI) 
the conjugation of a cargo molecule to a mAb makes it possible 
to direct the cargo to the desired site; (IV) mAb conjugated 
with fluoroprobes via glycan chains are suitable probes for 
imaging and clinical applications. 

We have previously shown thai the mutant enzyme 01,4Gal- 
T1-Y289L can transfer CalNAc and galactose from its UDP- 
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derivatives to GlcNAc residues present at the nonrcducing end 
of prole Los (24). We have also shown chat this mutant can 
transfer modified sugars such as 2-keto-Gal from their UDP 
derivatives for detection of O-GlcNAc modifications in proteins 
{19) or detection of free GlcNAc residues at the nonreducing 
end of the N-glycans of proteins (20). Our findings led us to 
propose thai two glycoproteins having modified sugars with 
unique chemical handles could be conjugated via linkers having 
orthogonal chemical reactive groups, allowing the design of 
novel mAb-drug conjugates and imaging agents (27). 

The present study extends our previous work by showing: (1) 
Fc N-grycans Of native merapeutic antibodies are highly hetero- 
geneous; (2) it is possible to modify the therapeutic monoclonal 
antibodies from a heterogeneous to a homogeneous glycoform 
population; (3) the modification at the N-linked oligosaccharide 
occurs in a site-specific manner without compromising die antigen 
binding she; and (4) we have been able to produce mAb- 
fluoroprobes conjugates for imaging applications. 

The glycosylation profile of recombinant mAbs has been well- 
characterized and is known to be highly heterogeneous with 
respect to core fueosylation, terminal sialylarion. and galacto- 
sylation (28). The difference between the observed glycoform 
types depends on the enzymes/host cell type, substrates, and 
culture conditions utilized for their production. The MALDI- 
TOF analysis of PNGase F-teleased oligosaccharides of the 
mAbs used in our study concur with the published data (28). 
These N-glycans are coro-rucosylated with differences in the 
terminal sugars having a mixture of GO, Gl, and G2 glyco forms. 
None of the mAb used here had terminal sialic acids. Previously, 
we showed that the C2-ketr>Gal from its UDP derivative was 
transferred by £1,4-Gal-Tl-Y289L to free GlcNAc residues on 
the N-linked glycan chains of a heterogeneous population of 
IgG molecules (20). An important issue in this study was the 
transfer of the modified sugar to each available GlcNAc present 
in a homogeneous mAb glycoronn population. In order to obtain 
a population of mAb having a single GO glycoform with 2 mol 
of GlcNAc available for transfer to each IgG heavy chain, we 
tested galactosidases from various sources to remove the 
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Figure 9. Effect of carbohydrate modification of Herceptin on its binding to HER2-ieceptor expressing cells. Herceptin was subjected to various 
enzyme treatments (see Materials and Methods). Native and modified Herceptin molecules were incubated with MDA-MB-466 cells or SKBR-3. 
followed by incubation with HTC-conjugated goat antihiimnn IgG. The samples were analyzed by FACS (see Methods section). (AjE) secondary 
antibody alone; (B.F) Herceptin imnxared; (C.G) Herceptin treated with /?-galactosidase; (D.H) Herceptin treated with ^gaUctwridasc + C2-kcto- 
Ga2. The arrow indicates background fluorescence of cells in the absence of antibodies. 
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nonrcducing end galactose residues in the Gl and G2 glyco- 
forms. Only after using /?1,4 galactosidase from Streptococcus 
pneumoniae (9), we were able to show, by MALDI-TOF 
analysis of the PNGase F-rclcascd carbohydrates, a single-type 
GO glycoform. The 01,4 galactosidase from other sources did 
not yield 100% fully dcgalactosylated glycoforms. Having 
demonstrated the production of a single glycol brm, the GO form, 
by enzymatic degalactosylation, we explored the transfer of the 
modified sugar and the coupling of the ketone handle to 
anunooxy-biotin, which was then detected by MALDI-TOF 
analysis of N-glycan chains or by chemilununescence (20). or 
coupling to aminooxi Alexa Fluor 488, which was detected by 
a fluorescence technique after SDS-PAGE and FAGS analysis. 
Both cherniJuminescence and fluorescence analysis showed that 
the method of coupling described here is highly specific; almost 
all the chernilumincscence and fluorescence from the antibody 
conjugates were associated with binding to the heavy chain. 
Thus, the cargo is linked in a site-directed manner and only 
occurs where the sugar binds in the Fc domain of the IgG. 

This study also shows that the linking of the target agent, 
either biotin or Alexa Fluor 488, to the mAb via the N-linked 
carbohydrates docs not modify the antibody affinity for the 
antigen. One important goal in using this conjugation method 
is to generate a delivering agent: an antibody— cargo conjugate 
that will not interfere in its binding to the target cells. The results 
from ELISA assays using native mAb showed no detectable 
loss of antigen (Ag) binding activity. Moreover, all antibodies 
described in this study, obtained either by removal or by addition 
of sugars, when conjugated via glycan chains, did not show a 
loss of Ag binding activity. The Ag binding activity of the Fc- 
N-glycan modified antibodies was comparable to the results 
obtained with the native mAb. Also, the results obtained by 
FACS are consistent with the ELISA assay in that the binding 
of mAb conjugate to HER-2-expressing cells was not affected 
by the modification. 

In conclusion, the present study describes an enzymatic method 
for conjugation of monoclonal antibodies at a unique site, away 
from the Ag binding domain. This method u*nng modified sugars 
for conjugation provides a specific labeling with 4 molecules of 
fluorescent dyes if the IgG molecule has free GlcNAc residues 
available on the Fc N-glycan chains. To our knowledge, this is 
the first report on the site-specific conjugation of fluoroprobes to 
the N-linked gly cans of intact mAb using an enzymatic method. 
Other laboratories have reports on the use of molecular imaging 
probes using mAbs; however, they use chemical conjugation 
methods, which lead to random labeling (29. 30). Thus, this 
conjugated fluoroprobe may be used as a probe for imaging 
and clinical applications. 
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For multiple site-specific conjugations of bioactive molecules to a single-chain antibody (scFv) molecule, we 
have constructed a human anti HER2 receptor, scFv, with a C-terrninal fusion polypeptide containing 1, 3, or 17 
threonine (Thr) residues. The C-terminal extended fusion polypeptides of these recombinant scFv fusion proteins 
are used as the acceptor substrate for human r^lypeptide-a-N-acetylgalactoEannnyltransfcrase II (h-ppGalNAc- 
T2) that transfers cither GalNAc or 2-keto-Gal, a modified galactose with a chemical handle, from their respective 
UDP-sugars to the side-chain hydroxyl group of the Thr residue(s). The recombinant scFv fusion proteins are 
expressed in E. coll as inclusion bodies and in vitro refolded and glycosylated with h-ppGalNAc-17. Upon protease 
cleavage, me MAJ-DI-TOF spectra of the glycosylated C-terminal fusion polypeptides showed that the glycosylated 
scFv fusion protein with a single Thr residue is fully glycosylated with a single 2-keto-Gal, whereas the glycosylated 
scFv fusion protein with 3 and 17 Thr residues is found as an equal mixture of 2-3 and 5-8 2-kcto-GaJ glycosylated 
fusion proteins, respectively. These fusion scFv proteins with the modified galactose are then conjugated With a 
fluorescence probe, Alexa488, that carries an orthogonal reactive group. The fluorescence labeled scFv proteins 
bind specifically to a human breast cancer cell line (SK-BR-3) that overexpresses the HER2 receptor, indicating 
that the in vitro folded scFv fusion proteins arc biologically active and the presence of conjugated multiple Atexa488 
probes in their C-terxninal end does not interfere with their binding to the antigen. 



INTRODUCTION 

Conjugation of monoclonal antibodies with bioactive mol- 
ecules such as toxins, drugs, and radioisotopes is an emerging 
strategy in the treatment and diagnosis of cancer (2-5). Not 
only is the conjugation of a multiple number of bioactive 
molecules to a single antibody molecule desired, but also, site- 
specific conjugation of these molecules is important The former 
enhances the sensitivity of detection and better treatment of 
cancer, while the latter enables the production of a homogeneous 
antibody -drug complex that ensures the full activity of both 
the antibody and the bioactive molecule in an antibody— drug 
conjugate. Multiple site-specific conjugation has been achieved 
by engineering the target protein, either by the introduction of 
free Cys residues (6*, 7) or by mtroducing genetically encoded 
aldehydes at either terminal end of the protein or by site-directed 
introduction of azido/alkynyl-cagged methionine analogues into 
proteins (5— 10). However, protein with free Cys residue^) 
needs special handling to prevent its free Cys residues from 
undergoing undesired oxidation while in the process of intro- 
ducing the methionine analogue all the methionine residues in 
the protein are modified. Not many site-specific conjugation 
methods offer multiple site conjugations. 

We have developed a unique, site-specific conjugation method 
using the mutant galactosyltransferase enzymes, where we first 
enzymatically transfer 2-acetonyl-2-deoxy-galactose (2-keto- 
Gal) sugar with a unique chemical handle to a specific sugar 
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moiety, £GlcNAc or0Gail-4GIcNAc, present at the nonreduc- 
ing end of the glycan of the glycoprotein: then, the chemical 
handle present in the modified sugar is used for site-specific 
conjugation with biologically important molecules having a 
corresponding orthogonal chemical group (11—14). Using this 
method, we have recently shown that the biantenary tf-glycans 
of a therapeutic IgG molecule have been used as the substrate 
for the mutant Y298L-Gal-Tl enzyme to transfer 2-keto-Gal 
sugar and further conjugated with bioactive molecules such as 
biotin to both arms of the biantenary tf-glycans, thus producing 
the native IgG molecule with four biotin molecules site- 
specifically conjugated (12, 14). However, this method requires 
the presence of a specific sugar moiety of a glycan chain in the 
glycoprotein and cannot be used for nonglycosylated proteins, 
such as single-chain antibodies or bacterial toxins expressed in 
E. coll 

For proteins that lack glycosylation motifs, we have recently 
developed a method using the human polYpcptidc-a-ZV-acetyl- 
galactosarmnyltransferase n enzyme (h-ppGaINAc-T2), which 
transfers ^-acetylgalactosamine sugar (GalNAc) from UDP- 
GalNAc to Thr/Ser residues on an acceptor polypeptide thai is 
at least 1 1 amino acids long (IS, IS). In this method, we have 
engineered the acceptor polypeptide substrate of the h-ppGal- 
NAc-T2 with one Thr residue as a fusion peptide at the 
C-terannus of a bacterial glutaOnone-5-transferase (GST), which 
is not normally glycosylated. We used this fusion polypeptide 
moiety as an acceptor substrate for the h -p pGalN Ac -T2 to 
transfer modified Gal with chemical handle such as 2-keto-Gal 
or GalNAz, thus enabling us to site-specifically conjugate 
bioactive molecules with a corresponding orthogonal chemical 
group (15). Using this method, in the present study we 
demonstrate that an anti human HER2 receptor single-chain 
antibody (anti HER2 scFv) with a fusion peptide containing 
more than one Thr residue at its C-terminal end can be 
successfully glycosylated with 2-keto-Gal and then conjugated 

<S) 2009 American Chemical Society 
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Figure 1. (a) Schematic molecular structure of the Alexa488-conjugated scFv fusion protein. In the present study a single-chain antibody against 
human HER2 receptor (and HER2 acFv) with x number of Alexa48B molecules conjugated through the modified sugar is named Hx The ami 
HER2 scFv protein has been designed to have specific 1 to 17 Oglycosyl&tion sites, (b) Schcraarjc diagram of the design of ami H£R2 scFv 
proteins with multiple glycosylation sites. The antihmnan HER2 receptor single-chain antibody (and HER2 scFv) expressed In E. coli conmina a 
N* terminal T7-tag, a C- terminal Tcv proteasc-cleavable O-glycosylaticn tag, and an His lag. The proteins with 1, 3, and 17 Thr rtiidues in their 
O-glycosylation tags (shown as stars at their bottom) arc named Hi, H3, and H17, respectively. The Tcv protease cleavage site is indicated by an 
arrow. In the presence of Mn 2+ , the polypepdde-A-^-acctylg^^tosaniinyltTarisfcrasc II (h-ppGalNAoT2) enzyme transfers GalNAc or 2-keto-Gal 
sugar from their UDP derivatives to the side-chain hydroxyl group of the Thr residue present in the O-glycosylation tag. 



with Alexa488, a fluorescence probe. Furthermore* our cell 
surface immunostaining analysis of HER2-receptor expressing 
SK-BR-3 cells (by fluorescent-activated cell sorting [FACS]) 
shows that antibody binding to the HER2 receptor is not affected 
by the one or more Alexa488 molecules present at the 
C-tcrminal end of these scFv molecules. 

EXPERIMENTAL PROCEDURES 

And HER2 Single-Chain Antibody Gene Construction 
and Expression in E~ coli The antihuman HER2 scFv gene 
was constructed from a fully human Fab isolated from a large 
native phage display Fab library, using HER2 ectodomain as a 
target (Zhu, Z. t and Dmitrov, D., unpublished data). For the 
construction of HI and H3 scFv proteins, the anti HER2 scFv 
gene was repeatedly amplified with the 5 -primer. 3 -primer- 1, 
and 3-primer2, which introduces a 17 -ammo-acid peptide as a 
C-terminal extension following a Tev protease cleavage site. A 
final PCR amplification with either 3-H(l) or 3-H(3) primer 
results in a product with a C-terminal O-glycosylation tag 
without a stop codon, having EcoRI and Xho I restriction 
enzyme sites at their 5' and 3 / termini, respectively. This 
construction uses the stop codon at the 3' terminal in the vector 
after the His-tag. 

5-primer GCC CCD GAA TTC GGG CGC GGC GAA GTG 
CAG CTG GTG CAG TCT GGA GC A GAG GTG AAA AAG. 

3-Primer 1: GCC TTG GAA GTA AAG GTT TTC TAG 
GAC GGT GAC CTT GGT CCC AGA TCC GAA GAC AGC 
AAT. 

3-Primcr 2: TTT AGC TGC CGG TGC GGG AGT AGC 
TGC AGC GCC TTG GAA GTA AAG GTT TTC. 

3-H1 Primer: GTG GTG GTG CTC GAG TTT AGC TGC 
CGG TGC GGG ACT AGC TGC AGG GCC. 



3-H3 Primer: GTG GTG GTG CTC GAG TTT AGC TGC 
CGG TGT GGG AGT AGG TGT AGG GCC. 

The PCR-ampttfied product was digested with £coRI and Xho 
I restriction enzymes and ligated with the pET23a vector 
digested with the same enzymes. The ligated vector was 
rransfected into XL2 supcrcompelcni cells. The ampicillin- 
rcsiatant clones were screened for the presence of the and HER2 
scFv gene in their plasmid DNA between their £coRI and Xho 
I restriction sites. The N-terminal T7-tag, which enhances the 
protein expression in £ coli and the C-terminal His x 6 tag, 
followed by a stop codon, comes from the pET23a vector DNA. 
For the construction and expression of H17 scFv protein, the 
cDNA for the scFv protein was first cloned into the pET23a 
vector between the EcoRl and Hind m restricted enzyme sites 
without the stop codon. This cloning was followed by inserting 
between (he Hind IE and Xho I site a cDNA sequence coding 
for a Tev protease cleavage site and the 50 amino-acid-long 
polypeptide of the O-glycosylation region of the human small 
breast epitbial mucin protein (BC1 1 1421) (J7) without the stop 
codon. This construction uses the stop codon at the 3' terminal 
in the vector after the His-tag, similar to HI and H3 scFv gene 
constructs. The positive clones were sequenced and transfectcd 
into Rosetta (DE3) LysS competence cells for expression of 
the protein. 

In Vitro Folding of Inclusion Bodies of Anti*HER2 
acFv Protein from E. coll The Rosetta (DE3) LysS cells 
containing the anti HER2 scFv cDNA sequence in the pET23a 
vector were grown to an optical density of 0.7-0.8 and then 
induced with IPTG. Hie inclusion bodies were purified from 
the bacterial pellet as described earlier (/£)- From 1 L of 
bacteria] culture, 60 to 70 mg of protein were obtained as 
inclusion bodies. The in vitro folding of and HER2 scFv was 
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Figure 2. SDS-PAGE gel analysis of the unglysoylated (HI- and H17-) 
and 2-kcto-Gal glycosylated (H1+, H3+. and HI 7+) proteins: The 
unglycosylated HI and H17 proteins are labeled as HI- and H17-, 
respectively, while the 2-kcto-Gal glycosylated Hi, H3„ and Hi 7 arc 
labeled as H1+, H3+, and H17+, respectively. The h-ppGaJNAC-T2 
in the glycosylation mixture is also labeled MALDI-TOF analysis of 
the Hl-h H3H-, and H174- anti H£R2 scFv proteins show that these 
proteins cany 2-keto-Gal (see below). The large difference in the 
mobility between unglycosylated end glycosylated H17 protein is doe 
to glycosylation, however the microhetrogenity in its glycosylaaon is 
not observed (see below). Similarly the mobility difference between 
die HI unglycosylated protein and the HI 4- and H3+ glycosylated 
protein may be due to their glycosylation. 

earned out in a way similar to that of /MGal-Tl (IS). Typically, 
100 mg of sulfonated protein was folded for 48 h iq 1 L of 
folding solution thai contains oxido-sbuf fling agents and 500 
mM arginine HCL After refolding the protein, the folding 
solution was extensively dialyzed against water. During dialysis, 
the misfolded protein precipitated out, while the folded protein 
remained soluble. The soluble protein was concentrated to a 
concentration of 1 mg/mL on an Amicon stirred cell, using a 
YM-10 membrane, and further purified on a Ni -column. There 
was no significant loss of protein observed during concentration 
or during Ni -column purification stops, as estimated by measur- 
ing the protein concentration using the Bradford method 
(BioRad). Nearly 20 mg of folded anti HER2 scFv protein was 
obtained from 1 L of folding solution. The C-texnunal glyco- 
sylation peptide tag was released from a 5 fig protein by Tev 
protease cleavage and analyzed by mass spectrometry. 

Glycosylation and Alex&488 Conjugation of Anti HER2 
scFv. The cloning, expression, and refolding of the h-ppGal- 
NAc-T2 enzyme has been previously published (IS). UDP- 
GalNAc was purchased from Sigma chemicals while the UDP- 
2-keto-Oal was synthesized in-house. Forty micrograms of anti 
HER2 scFv fusion protein— HI, H3. or HI 7— wore incubated 
overnight at room temperature 20 °C with 20 /*g of h- 
ppGalNAc-T2 in the presence of 25 mM Tris-HO (pH 8.0), 
10 mJ4 MnCb. and OJ mM UDP-SUgax (UDP-GalNAc, or 
UDP-2-keto-Gal,) in a total volume of 100 fiL (Figure 2). The 
amount of h-ppGalN Ao-T2 enzyme used in these experiments 
to fully glycosylate the fusion peptide using UDP-Ga!NAc as 
the donor Substrate was first determined in separate experiments. 
To remove the entire reaction buffer, the glycosylated and HER2 
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scFv protein was precipitated with 40% ammonium sulfate and 
desalted three times by repealed dilution to 500 pL with water 
and concentrated each time to 40 mL using microcon centrifuge 
filters with 10K molecular weight cutoff. The salt-free glyco- 
sylated and HER2 scFv protein was reconstituted in 40 fiL 
water, and an aliquot (2 ^L) was cut with Tev protease and 
analyzed by mass spectrometry (MALDI-TOF). 

The entire 40 pg of the desalted 2-kcto-Gal glycosylated anti 
HER2 ScFv protein was conjugated in 60 with 75 mM 
sodium acetate buffer (pH 5.0) and 8 W-aminoxymethyl- 
carbonylhydrazino-Alcxa488 (1 mg/mL in DMSO). Nearly 
1000-fold excess of Alexa-488 molecules, more than the 
manufacturer (Invitrogen) suggested amount, was used in this 
conjugation reaction. The reaction was carried out In the dark, 
overnight, at room ternperaturc. The conjugated protein was 
precipitated with 40% ammonium sulfate, redis solved in water 
to a 1 fig/ph concentration and used for ceil binding. The 
presence of Alexa488 was confirmed by visualizing as little as 
10 ng of protein in SDS-PAGE, The mass spectroscopic analyses 
were carried out in the Protein Chemistry Laboratory, NQ- 
Frederick. Frederick, MD. 

Cell Binding Assays. The human cancer cell lines SK-BR-3 
(HER2 receptor-positive) and MDA-MB-468 (HER2 receptor- 
negative) were u sed to test receptor binding activity of the scFv 
fusion proteins. HER 2 receptor expressing human breast ad- 
enocarcinoma cells (SKBR-3) and HER2 receptor negative 
human breast adenocarcinoma cells (MDA-MB-468) were 
purchased from the American type Culture Collection (ATCC, 
Manassas, VA). The cells were cultured in McCoy's 5A medium 
supplemented with 10% (v/v) neat-inacrjvated fetal bovine serum 
(FBS) and pemciDin/strcptomycin as antibiotics at 37 °C in a 
humidified atmosphere containing S% CO* Other culture 
reagents were bought from Invitrogen (Carlsbad, CA). In a 
typical experiment, cells were suspended in enzyme-free cell 
dissociation buffer (Invitrogen Corp, Carlsbad, CA) and pelleted. 
The cells were resuspended in phosphate buffer saline (PBS) 
supplemented with 5% fetal calf serum (FBS-FCS) at a 
concentration of 10 7 cells per mL. The samples were incubated 
at room terrmerature for 15 min to block nonspecific binding 
sites. The cells were washed twice with cold PBS with 1% 
bovine serum albumin (PBS-BSA), resuspended in PBS-FCS 
(10 7 cells /ml), and aliquoted in 0.1 mL samples. Various 
amounts (0.2, 0-5, and 1 fig) of Alexa-conjugated scFv were 
added to the cells, and incubations were continued for 45 min 
on a rotator at 4 °C in die dark. The cells were washed twice 
with cold PBS-BSA, suspended in PBS-BSA, and analyzed 
using a FACS caliber flow cytometer (Bee ton Dickinson, San 
Jose, CA), analyzing 10 000 events per sample. Herceptin was 
used as a positive control in these experiments to confirm HER2 
expression on SK-BR-3 cells (HER2-positivc) and MDA-MB- 
468 cells (HER2 receptor-negative). 

RESULTS AND DISCUSSION 

We have previously developed a novel site-specific glyco- 
conjugation of glutatmon-S- transferase, by engineering a C- 
terrninal fusion peptide containing one Thr residue that can be 
glycosylated by h-ppCalNAc-T2 with a modified sugar having 
a chemical handle (15). This site-specific glycan moiety can 
then be conjugated with bioactive molecules carrying an 
orthogonal chemical group. Here, we have extended this strategy 
to engineer, not just one gry cosy lotion site at its C-terminal end, 
but multiple sites on an antihuman HER2 receptor single-chain 
antibody (anti HER2 scFv) (Figure la). The anti HER2 scFv 
fusion protein is designed to have a N-terminal T7-tag, which 
enhances its protein expression in E. coli and at the C-cerminal 
end a Tev protease cleavage site, an O-glycosylation peptide 
followed by a His x 6 tag (Figure lb). For the present study. 
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three forms of and HER2 scFv proteins have been constructed; 
the HI, H3. and H17, with C-terminal extensions having 1. 3. 
and 17 Thr residues in their O-glycosylation tag, respectively 
(Figure lb). The two C-terminal extension peptides, HI and 
H3, were designed based on the preferred acceptor peptide 
sequence for h-ppGaINAc-T2 enzyme, as described earlier (15, 16), 

Expression or the Ant) Her2 scFv Proteins in E> coli 
and Their in Vitro Folding, Although many scFv proteins have 
been expressed as soluble active proteins in E. colt, the anti 
HER2 scPv proteins, HI, H3. and H17, mostly formed inclusion 
bodies; and only less than 100 fig of soluble active protein could 
be obtained from 1 L of bacterial culture. Previously in our 
laboratory, we have used the in vitro $-sulfonation and refolding 
method to produce large quantities of active 0-1 ^-galactosyl- 
transferase (04Gal-Tl) enzyme from inclusion bodies {IS). 
Using the same method, a large quantity of a soluble form of 
and HEH2 scFv proteins HI, H3 f and H17, with C^enninal 
extension, has been obtained. The scFv fusion protein has four 
Cys residues and has two disulfide bonds. The in vitro folded 
protein, nonreduced and reduced with 0-mcrcaptanol, shows in 
SDS-PAGE a significanr mobility difference between the protein 
bands confirming the presence of disulfide bond(s) in the soluble 
protein. The yield of the in vitro folded protein for Hi, H3, 
and H17 proteins corresponds to 10, 10, and 2.5 mg per liter of 
bacterial culture. Thus, it seems that the presence of the 17 
amino acid C-terminal tag does not interfere with the folding 
of scFv molecules. Nevertheless, the 50 arnino-acid-long tag 
significantly reduces the folding efficiency. All the refolded 
proteins can be concentrated to at least 10 to 15 mg/mL 
concentrations, without any precipitation. 

Glycosylate of HI, HJ, and H17 antJ-HEltt scfY 
Proteins. As a first step, the HI, H3, and Hl7 scFv fusion 
proteins were glycosylated overnight with h-ppCalNAc-T2, 
using UDP-CalNAc as the donor sugar substrate. The C-terrninal 
fusion polypeptide from these proteins was released by Tev 
protease digestion and analyzed by mass spectrometry (MALDI- 
TOF) (Figure 3). The MS analysis of the glycosylated peptide 
tags from HI and H3 proteins showed that they carry 1 and 3 
GalNAc sugars, respectively (Figure 3d,b), Suggesting that the 
HI protein has been fully and bomogenously glycosylated while 
the H3 proteins is mostly glycosyled with three GalNAc sugars. 
However, the polypeptide released from H17 scFv protein by 
Tev protease was glycosylated with a maximum of 11 sugars 
instead of 17 sugars (Figure 3c). The catalytic reaction using 
UDP-a-2-keto-GaJ as donor substrate was carried out under the 
same conditions as the one used for UDP-GalNAc. After the 
glycosylation, a small amount of the glycoprotein was subjected 
to the Tev digestion, and the released CMerminal fusion 
glycopeptides was analyzed by MALDI-TOF analysis. The 
glycopeptide from the HI protein was found fully glycosylated 
with a single 2-keto-Gal sugar, whereas the glycopeptide from 
H3 and H17 was found to be a mixture of peptides with 2 to 3 
and 5 to 8 2-keto-Gal sugars, respectively (Figure 3d,eJ). These 
results show that all the Thr residues present in the O- 
glycosylation tag of the H3 and HI 7 scFv proteins are not 
bomogenously glycosylated by the h-ppGaTNAc-T2, particularly 
with the modified sugar. 

In humans, the h-ppGalNAc-T2 enzyme exists as a family 
of 17 enzymes, namely. ppGalNAc-Tl to ppGalNAc-T17 (79). 
It is well-known that h-ppGalNAc-T2 efficiently glycosylates 
nonconsecutive Thr residues, while ppGalNAc-TIO uses gly- 
copeptide as the substrate and efficiently glycosylates the 
consecutive Thr residues if either one is glycosylated {16, 20). 
The O-glycosylation tag of the H17 fusion protein has 10 
nonconsecutive Thr residues. Thus, it is not surprising to observe 
that its tag is glycosylated by h-ppGalNAc-T2 with only 11 
GalNAc sugars, and to fully glycosylate this tag, it may be 
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essential to use the ppGalNAc-T10 enzyme, in addition to 
h-ppGalNAc-T2. Even though the 2-keto moiety in the 2-keto- 
Gal resembles the N-acetyl moiety in GalNAc, due to its 
conformational flexibility, the 2-keto-Gal sugar may not be as 
preferred a donor sugar substrate as is GalNAc by the h- 
ppGafNAc-T2 enzyme; therefore, the catalytic efficiency of 
h-ppGalNAc-T2 is expected to be slightly poorer for the 2-keto- 
Gal transfer than for GalNAc. 

Preparation of Alexa4S8-Anti-Her2ScFr Conjugates 
and Their Binding to HE R2-Rerap tor-Expressing Cells. To 
demonstrate a site-specific conjugation, the HI, H3, and H17 
scFv proteins with 2-keto-Gal sugars were conjugated with a 
fluorescence probe , AJexa488, with an orthogonal chemical 
group, the arninoxy group. The Alexa488 -conjugated HI, H3, 
and H17 scFv proteins can be detected on an SDS-PAGE by 
their fluorescence emission, even at nanogram amounts (Figure 
4a). mterestingly, the H3 and H17 scFv proteins that carry more 
than one Alexa468 molecule are observed as sharp protein bands 
in the SDS-PAGB. This is in contrast to limited but random 
conjugated proteins, where the conjugated proteins arc often 
observed as a smeared broad band in SDS-PAGE. For example, 
the streptavidin-Alexa488 conjugate protein from Invitrogen is 
observed as a broad band in SDS-PAGE (Figure 4b). Thus, 
observation of a sharp protein band on the gel indicates 
conjugation of the fluoroprobes to unique site(s) on the protein 
molecules. The observation that the fluorescence emission from 
HI 7 protein was not significantly enhanced, compared to the 
HI scFv protein, may be due to self-quenching of conjugated 
Alcxa488 molecules. It is known that multiple fluorescence 
probes conjugated to protein molecules show self -quenching. 
It is interesting to observe that even though the H3 and H17 
protein- Alexa488 conjugates are heterogeneous, arising from 
their glycosylation with 2-keto-Gal, the protein bands in the 
SDP-PAGE gel remain sharp. Although the actual number of 
Alexa-488 molecules that arc conjugated to the 2-Keto- 
galactosylated scFv molecules could not be determined by 
conventional MALDI-TOF analysis, in our previous studies it 
was shown that when, instead of AIexa488, biotin molecule was 
used for conjugation under similar reaction condition, all the 
2-keto-Gal sugar molecules were completely biotinylated as 
deterrnincd by MALDI-TOF analysis {14, IS). Since we have 
used nearly 1000-fold excess of AIexa488 molecules in the 
conjugation reaction, all the 2-keto-Gal sugar molecules are 
expected to be conjugated with Alexa488 molecules. 

Cell-binding assay by FACS methodology analysis shows that 
Alexa488-conjugatcd scFv fusion proteins HI, H3, and HI 7 bind 
specifically to cells that express HER2 receptors on the cell 
surface (Figure 5). We did not observe any binding of these 
modified scFv molecules above background levels when MDA- 
MB-468 cells (HER2 receptor-negative) were used (Figure 5b). 
in these experiments, FACS spectra using various amount of 
scFv fusion proteins ranging from 200 ng to 2.5 /ig showed no 
significant difference, suggesting that even a nanogram quantity 
of the HI, H3, or H17 protein was sufficient for the detection 
of HER2 receptor. Although there is enhanced fluorescence 
emission (FL1-H) with H3 and H17, compared to HI, it is not 
linearly proportional to the number of additional fluorescence 
probes conjugated to these proteins (Figure 5a, insert table). 
This kind of observation for the multiple conjugations of protein 
probes to proteins is known due to the internal quenching. 
However, our technology is likely to yield similar conjugates 
with multiple numbers of MRI image contrast agents (on a single 
protein molecule), since there is no quenching effect in MR1. 
The present results suggest that the in vitro folded scPv is 
biologically active and the incorporation of the sugar and the 
Alexa488 moieties at the C-terrninal end had no or little effect 
on their affinity for the HER2 receptor, thus demonstrating that 
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Ffenre 3. The mass spccmim (MALDI-TOF) of ihc Tcv protease cleaved glycosylated polypeptides with GalNAc (a,b,c) and 2-keto-Gal (d,e,f) 
from HI, H3, and H17 ana HER2 scFv fusion proiciTis, respectively. The number of sugar molecules present in the peptide is shown in the 
parentheses next to the mesa value of the corresponding peptide peak. The Hi protein 1b fully glycosylated with GalNAc sugar (a) while a small 
trace amount of imgrycosylated peptide is observed when 2-keto-Gal was used (d). Although all dure Thr residues in the fusion peptide from H3 
have been mostly glycosylated with GalNAc, a small trace amount of mono- and diglycosyiatad forms are observed (b). However, under the same 
glycosytation condition, a mixture of fusion peptides with two and three 2-keto-Gal has bcon observed (e) for the H3 protein. Similarly, ihe H17 
fusion protein is glycosylated to a maximum of 11 Thr residues with GalNAc sugar (e), compared to eight with 2-kcto-GaJ (£). 



even a large fusion protein with many conjugated fluorescence 
probes docs not affect the affinity of the scFv to its antigen. 

CONCLUSION 

Our current method offers a unique possibility not Only for 
site-specific conjugation but also for multiple site conjugations 



of bioacuvc molecules at the C-tcxniinal end of the scFv 
molecule through modified sugars. The proteolysis of the fusion 
peptide is an important factor for in vivo studies. The presence 
of glycosylation is known to hinder the proteolysis of peptides, 
and furthermore, the modified sugars are conjugated with bulky 
bioactive molecules; thus, their susceptibility to proteolysis is 
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figure 4* (a) Fluorescence emission of the Alcxa488 conjugated HI, H3, and H17 anti HER2 sepv fusion proteins from the nonredoced SDS- 
PAGE. Lanes 1-3, 3-5, and 7-9 show each 10 ng, 20 ng, and 40 ng of Hi. H3, and a mixture of H3 and H17 proteins, respectively. The Hl7 
protein has 5 to 8 conjugated molecules of A1cxh488. The fluorescence emission image of the SDS-PAGE gel was scanned using Hitachi FMBiO 
II fluorescence bunging system. Even 10 fusion proteins can be very well detected, and the protein bands ate sharp, (b) Fluorescence emission 
from various amount* of strcptavidin-Alexa488 conjugate on nonreduced SDS-PAGE. The protein conjugate from Inviuogcn was prepared by a 
random but limited conjugation method. 
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Figure 5. (a) FACS analysis on the binding of Afcxa488 conjugated H1.H3, and H 17 fusion proteins to SKBR3 cells. 200 ng of the each conjugated 
protein was used in the assay, (b) Binding of HI, H3, and H17 proteins did not occur with MDAMB-468 cells, since these cells do not express 
HER2 receptors. The insert table lists the mean PL1-H value for cells without and with bound antibody conjugates. Although the H17 conjugates 
have nearly seven more fluorescence probes, compared to HI, due to self-quenching there was no linear increase in the fluorescence emission. 



expected to be much more limited compared to that of 
n on glycosylated fusion peptide. Similarly irnmunogenicity due 
to the fusion peptide and the modified sugars may be concern. 
However, it is possible that the fusion peptide may not be well 
exposed to the environment due to the presence of bulky 
conjugated bio active molecules that may reduce the in vivo 
immunogenic effect. Such concerns arc associated with most 
conjugated molecules that are being used or planned for use in 
in vivo studies. 

Previously, scPv protein with large protein-like green fluo- 
rescence protein fused at its C-texminal end has been found to 
bind to the antigen without cormjjromismg its affinity (2/). Also, 
a large mucin protein like, muc6 p has been expressed as a soluble 
protein in E. coli and has been in vitro glycosylated with more 
than 50 sugars with GalNAc, using ppGalNAc-Tl (22). 
Therefore, using our present site-specific and multiple site 
conjugating method, scFv proteins with a C-terrninal muc6 



fusion protein can be glycosylated with modified sugars and 
conjugated with bioactive molecules. Such complexes are 
expected to carry not just a few but several tens of bioactive 
molecules conjugated to scFv molecules. The methodology 
described here can generate site-specific and multiple site- 
conjugated antibody-bioactive molecules that arc in great need 
for the development of targeted MRI image contrast agents and 
a targeted drug delivery system. 
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